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• B44)4401H!C04/&12)!&1C!1)&.!&280/D!!
• A)/).J0101H!&II.-I.0&/)!()7)(4!-3!J&H10302&/0-1!!
! "<*!
• A)J-14/.&/01H!4)()2/)C!(-X!7040-1!&0C4!'&4)C!-1!/V)!.)48(/4!-3!/V)!7040-1!&44)44J)1/!&1C!I&/0)1/!H-&(4!!!!
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• A)J-14/.&/01H!)()2/.-102!J&H1030).4!XV).)!&II.-I.0&/)!
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City Road 
London 
EC1V 2PD 
 
Tel: 020 7253 3411 
www.moorfields.nhs.uk 
 
  
 
 
 
Centre:  
Study Protocol Number:  
Patient ID Number (affix label): 
 
CONSENT FORM 
 
Study Title: Visual Disability in Diabetic Eye Disease 
and its Rehabilitation 
Research Team: Professor Gary Rubin, Dr Michael Crossland, Miss 
Hannah Dunbar 
 
         Please initial box 
 
1.  I confirm that I have read and understood the  
information sheet dated 08/08/2008 (version 1.0) for 
the above study. I have had the opportunity to 
consider the information, ask questions and have had 
these answered satisfactorily. 
 
 
 
2.  I understand that my participation is voluntary and 
that I am free to withdraw at any time, without giving 
any reason, without my medical care or legal rights 
being affected. 
  
 
3.  I understand that relevant sections of any of my 
medical notes and data collected during the study 
may be looked at by responsible individuals from this 
Hospital and from regulatory authorities, where it is 
relevant to my taking part in this research. I give 
permission for these individuals to have access to my 
records 
 
 
! :$"!
!
 
ISRCTN91672666 
08/08/08                                             Version 1.0                                               Page 2 of 2 
 
 
 
CONSENT FORM (continued) 
 
Study Title: Visual Disability in Diabetic Eye Disease and 
its Rehabilitation 
Research Team: Professor Gary Rubin, Dr Michael Crossland, Miss 
Hannah Dunbar 
 
 
                                                                  Please initial box 
 
  
4.   I give permission for my GP to be informed about 
my participation in this study. 
 
 
 
5. I agree to take part in the above study. 
 
 
 
 
   
 
 
 
 
 
___________________ ___________________ ___________ 
Patient Name Signature  Date 
 
 
 
___________________ ___________________ ___________ 
Researcher Signature  Date 
 
 
___________________ ___________________ ____________ 
Person taking consent Signature  Date 
(if different from researcher) 
 
1 copy for patient; 1 for researcher site file; 1 (original) to be kept in medical notes. 
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Patron: Her Majesty The Queen 
Chairman: Rudy Markham 
Chief Executive: John Pelly 
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City Road 
London 
EC1V 2PD 
 
Tel: 020 7253 3411 
www.moorfields.nhs.uk 
 
 
 
 
 
Visual disability in diabetic eye disease and 
its rehabilitation 
 
You are being invited to take part in a research study.  
Please take time to read the following information carefully 
and discuss it with others if you wish.  Ask us if there is 
anything that is not clear or if you would like more 
information.  Thank you for reading this. 
 
What is the purpose of the study? 
A lot is unknown about exactly how ocular changes caused 
by diabetes (Diabetic Eye Disease) affects a persons sight 
and impacts their day to day life.  As the number of people 
with diabetes continues to increase, it is very important that 
we fully understand these changes.  This study aims to 
describe the ways in which vision is affected in diabetic eye 
disease and how useful a Low Vision Assessment is to 
people with diabetes.  This will also help us plan low vision 
services for future patients with Diabetes.  In this study, we 
will be assessing patients in the Moorfields Low Vision 
Clinic either within 2 weeks of enrolment into the study, or 
at 3 months.  
! :$:!
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Why have I been invited? 
We are inviting people who have been diagnosed with 
Diabetic Eye Disease and attend a Moorfields Diabetic 
Clinic, have no other significant eye condition, are 
otherwise in good general health and have had no previous 
low vision appointments.   
 
Do I have to take part? 
No, it is up to you whether you want to take part.  You do 
not have to give a reason if you do not want to take part 
and a decision not to take part will not affect your care at 
the Hospital. 
 
What will happen to me if I take part? 
We will ask you to attend Moorfields Eye Hospital for some 
vision checks.  Our checks will include measuring your 
vision on a letter chart, checking how well you notice 
changes between shades of grey and colours, checking the 
span of your vision and recording the speed at which you 
read.  We will also use an instrument to look at which part 
of the retina you use to look at different objects and how 
steady you keep your eyes.  To use this instrument we 
need to put dilating drops into your eyes to enlarge your 
pupils.  These are the same drops routinely used at your 
diabetic clinic appointments.  They may cause blurred 
vision for 4 – 6 hours and you may be more sensitive to 
light.  You must not drive until the effects of the drops have 
worn off.  
 
In total these tests should take between 90 minutes and 2 
hours.  There will be time to stop for breaks if needed.  If 
! :$#!
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you do not feel up to completing all tests in one sitting, we 
can arrange for a second appointment.    
 
We will pay for your travel expenses and taxi fare if needed. 
 
Following this, you will be allocated to one of 2 groups.  The 
first group will be invited to the Moorfields low vision clinic 
within 2 weeks and the second group in three months time.  
During this appointment an Optometrist will assess and 
help you maximise your vision, issuing spectacles and/or 
magnifiers if appropriate. 
 
We will contact you by telephone three times, shortly after 
enrolment, at 3 months and at 6 months to ask you 
questions about how you are managing with your vision.  
The phone calls will be at a time convenient to you and will 
take about 30 minutes.  
 
Your care at Moorfields will not be affected and you should 
still attend your other appointments as normal.  
 
Will you tell my GP that I am taking part? 
We will write to your GP to let him or her know that you are 
taking part.  If you do not wish your GP to be informed of 
your participation, please let us know. 
 
What are the possible benefits of taking part? 
As a participant you will receive a low vision assessment at 
the Moorfields Low Vision Clinic.  You will help us 
understand the visual changes that can occur through 
diabetes and help us discover how useful a visit to the 
Moorfields Low Vision Clinic is for people with Diabetic Eye 
! :$*!
!
                                                                                            
 
                                  ISRCTN91672666                                                                
01/10/08                Version 2.0                                                     Page 4 of 5 
Disease.  This will enable us to plan this service for future 
patients. 
 
What if something goes wrong? 
The research does not carry any more risks than visiting the 
hospital in the normal way.  If taking part in this research 
project harms you, there are no special compensation 
arrangements.  If you are harmed due to someone’s 
negligence, then you may have grounds for a legal action 
but you may have to pay for it.  Regardless of this, if you 
wish to complain about any aspect of the way you have 
been approached or treated during the course of this study, 
the normal National Health Service complaints mechanisms 
may be available to you. 
 
Will my taking part in this study be kept confidential? 
All information collected during the course of the research 
will be kept strictly confidential.  Any information about you 
that leaves the hospital will have your name and address 
removed so that you cannot be recognised from it. 
 
What will happen to the results of the research study? 
The results of the study will be written up as a PhD thesis 
and be published in a clinical journal.  Results will also be 
presented at international conferences.  You will not be 
identified in any report/publication. 
 
Who is organising and funding the research? 
The research is being carried out between the Institute of 
Ophthalmology (part of University College London) and 
Moorfields Eye Hospital. It is being supervised by Prof Gary 
Rubin. 
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The study is being funded by the charity Fight for Sight. 
 
Who has approved the study? 
The study has been approved by the National Hospital for 
Neurology and Neurosurgery (NHNN) Research Ethics 
Committee. 
 
Who can I contact for more information? 
The research is being organised by Miss Hannah Dunbar, 
research optometrist.  She can be contacted on 020 7608 
4047 or h.dunbar@ucl.ac.uk 
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City Road 
London 
EC1V 2PD 
 
Tel: 020 7253 3411 
www.moorfields.nhs.uk 
 
Date: 
 
Patient label: 
 
 
 
 
Dear Doctor 
 
This letter is to inform you that the above patient has agreed to take part a research 
project at Moorfields Eye Hospital, London. The project entitled ‘Visual disability in 
diabetic eye disease and its rehabilitation’ aims to quantify the effects of diabetic eye 
disease on multiple aspects of visual performance, relating this to self reported visual 
disability.  We will also determine the efficacy of low vision rehabilitation on people with 
diabetes by way of a randomised controlled trial of delayed intervention design. 
 
At the outset all patients in the study are asked to attend a baseline vision assessment, 
where they will complete a series of standard and specialised vision measurements.  One 
week later they will take part in a telephone administered questionnaire which evaluates 
self reported vision disability.  Patients will then be randomised into one of two groups, the 
intervention group and the delayed intervention group.  Within two weeks of their baseline 
assessment patients in the intervention group will receive a low vision assessment by a 
qualified optometrist at Moorfields Eye Hospital and will be issued with low vision aids as 
appropriate.  The delayed intervention group will receive the same low vision assessment 
three months after enrolment in the study.  Currently the waiting list time for a Low Vision 
Assessment at Moorfields is 4 months.   
 
At 3 and 6 months all patients will repeat the vision disability instrument over the 
telephone.  Study involvement will last 6 months. 
 
If you have any questions about this study please do not hesitate to contact me. 
 
With best wishes 
 
Yours sincerely 
 
 
Hannah Dunbar BSc MCOptom 
Research Optometrist 
 
Contact Details 
Tel: 020 7608 4047 
Email: h.dunbar@ucl.ac.uk 
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Contact for randomisation: Wen Xing (MEH Research & Development) 
Phone: 020 7566 2315   email: wen.xing@moorfields.nhs.uk 
 
 
Please record the following for each patient 
 
Trial number _________   
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Fixation Stability: A Comparison between the Nidek MP-1
and the Rodenstock Scanning Laser Ophthalmoscope in
Persons with and without Diabetic Maculopathy
Hannah M. P. Dunbar,1 Michael D. Crossland,1,2 and Gary S. Rubin1,2
PURPOSE. Impaired fixation stability is associated with reduced
reading speed. In previous research, fixation stability has been
assessed using an infrared eye tracker or a confocal scanning
laser ophthalmoscope. The new MP-1 microperimeter from
Nidek Technologies (Padova, Italy) provides another option for
the assessment of fixation. Here the authors compare fixation
stability values measured using the MP-1 microperimeter and
the Rodenstock scanning laser ophthalmoscope (SLO; Roden-
stock GmbH, Munich, Germany) in persons with and without
diabetic maculopathy.
METHODS. Sixteen normally sighted volunteers and 21 patients
with diabetic maculopathy were recruited. Fixation stability
was recorded monocularly on the SLO and the MP-1 in coun-
terbalanced order while participants fixated a red 1° cross.
Fixation data collected from each instrument were used to
calculate a bivariate contour ellipse area (BCEA) that encom-
passed 68% of fixation points.
RESULTS. For control subjects, MP-1 BCEA values were larger
than SLO by 0.25 log min arc2, though the difference was small
(10%) and of borderline significance (MP-1, 2.51 log min arc2;
SLO, 2.26 log min arc2; P ! 0.06). In patients with diabetic
maculopathy there was no significant difference between MP-1
and SLO values (MP-1, 2.94 log min arc2; SLO, 2.90 log min
arc2; P ! 0.88).
CONCLUSIONS. No significant difference was found in BCEA
values from the SLO and MP-1 in control subjects and patients
with diabetic maculopathy. The authors suggest that the simi-
larity between BCEA values, together with the consistent and
reliable operation of the MP-1, make it a useful and viable
alternative to the SLO in the assessment of fixation. (Invest
Ophthalmol Vis Sci. 2010;51:4346–4350) DOI:10.1167/iovs.09-
4556
In normal vision, an eye fixating a static target does notremain stationary1; it constantly makes small involuntary eye
movements such as microsaccades, drifts, and tremors.2 Elim-
ination of such movements would cause our perception of a
stationary target to fade completely3–6. However, excessive
instability degrades visual resolution7 and may interfere with
the performance of everyday tasks such as reading.8 Eye con-
ditions affecting central vision are known to impair fixa-
tion.9–14 Therefore, awareness of a patient’s ability to fixate is
important when considering functional vision.
Although it is no longer commercially available, one well-
established instrument in the assessment of fixation is the
Rodenstock scanning laser ophthalmoscope (SLO; Rodenstock
GmbH, Munich, Germany). Since its introduction in the early
1980s it has been used in numerous studies of fixation9–
11,14–18 and has proven to be particularly useful for the exam-
ination of fixation in those with eye disease.9,11,13–17,19 The
instrument was not specifically designed to measure fixation,
but different methods have been described that allow its quan-
tification.11,14,15,19 One established method follows that first
described by Steinman, whereby the position of each fixation
point is plotted on Cartesian axes and the elliptical area en-
compassing a given percentage of points is calculated.20 This
bivariate contour ellipse area (BCEA) presents a value of fixa-
tion stability, with smaller values indicating more stable fixa-
tion.
A new instrument, the Nidek MP-1 microperimeter (Nidek
Technologies, Padova, Italy), has been designed with fixation
stability assessment capability. It allows fixation to be assessed
during a microperimetric examination or as an isolated assess-
ment. The MP-1 offers classification of fixation stability based
on the system described by Fujii et al.,21 whereby fixation is
termed stable if "75% of fixation points fall within a 2° diam-
eter circle centered on the gravitational center of all fixation
points, relatively unstable if #75% of fixation points fall
within a 2° circle but "75% are located within a 4° diameter
circle, and unstable if #75% of all fixation points fall within a
4° diameter circle.21 The lack of scientific foundation to this
classification has been criticized in the literature.22 However, it
is possible to extract raw fixation data from the MP-1, thus
allowing fixation points to be plotted and characterized by a
BCEA value, as described. Recently we published data showing
a lack of correlation between reading speed and fixation sta-
bility as classified by the inbuilt MP-1 strategy but a stronger
correlation between reading performance and fixation quanti-
fied by calculating a BCEA.23
Because both the SLO and the MP-1 are used in the evalu-
ation of fixation, an understanding of their comparability is
vital. Different methods of assessment are known to produce
different BCEA values; for example, in healthy young persons,
SLO BCEA values are up to 2.25 times smaller than those from
a head-mounted eye tracker system.24 Given that the factors
influencing measurement differ between those with steady
fixation and those with poor fixation, we feel it important to
compare fixation measurements not only in healthy young
subjects but also in patients with poorer fixation.
Diabetic eye disease is the leading cause of blindness in the
working-age population of the United Kingdom, and the inci-
dence of diabetes mellitus continues to rise in many developed
countries.25–27 Although fixation behavior has been widely
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studied in macular disease,9,11–13,19,22,23,28 the impact of dia-
betic maculopathy on fixation stability is less well under-
stood.14–17,29,30 A better understanding of fixation in the pres-
ence of diabetic maculopathy and its impact on visual function
is necessary for clinicians involved in the visual rehabilitation
of patients and for those responsible for the strategic planning
of such services.
Here we evaluated fixation stability in persons with and
without diabetic maculopathy using two different instruments,
the Rodenstock confocal SLO and the Nidek MP-1 microperim-
eter.
METHODS
Participants were recruited into two groups, patients with diabetic
maculopathy and normally sighted volunteers. Patients were recruited
from medical retina clinics at Moorfields Eye Hospital in London. All
had diagnoses of type 1 or type 2 diabetes mellitus for at least 1 year
and had recently diagnosed diabetic maculopathy of at least grade M1
according to the National Grading Protocol for England and Wales.
This grade is defined as having one or more of the following features:
exudates within 1 disc diameter (DD) of the center of the fovea;
circinate or group of exudates within the macula; retinal thickening
within 1 DD of the center of the fovea; and any microaneurysm or
hemorrhage within 1 DD of the center of the fovea, only if associated
with a best visual acuity of !6/12.31 All normally sighted volunteers
were hospital staff.
Written informed consent was obtained from all participants once
an explanation of the nature and possible consequences of the study
had been explained. The research was approved by the Moorfields and
Whittington Research Ethics Committee and conformed to the Decla-
ration of Helsinki.
Measurement of Fixation Stability
Fixation stability was recorded for each participant on both instru-
ments in a counterbalanced order. All measurements were taken from
the better eye, with the fellow eye occluded while the head was
stabilized between a chin and forehead rest. The same researcher (HD)
operated both instruments.
Scanning Laser Ophthalmoscope
We used a scanning laser ophthalmoscope (SLO-101; Rodenstock
GmbH) consisting of a helium-neon laser of wavelength 632.8 nm that
produces the stimuli and an infrared laser of 780 nm that simulta-
neously images the fundus according to a confocal principle.32 Images
were captured on a professional digital video recorder at a resolution
of 768 ! 576 pixels (model BR-DV600E; JVC, Yokohama, Japan) and a
frequency of 12.5 Hz.
Software provided with the SLO (scotometry module) was used to
produce a 1° red cross fixation target. Subjects were asked to view the
center of the cross until 10 seconds of relatively blink free data were
obtained. The digital video recorder simultaneously recorded fundus
images throughout.
Video images were digitized using a frame grabber (Orion Frame
Grabber; Matrox, Montreal, Canada) and retinal position was retrospec-
tively analyzed using software developed in house. The software auto-
matically tracked fundus features within a delineated square of prede-
termined location on the retinal image at 12.5 Hz, producing x and y
coordinates of its position in pixels. If tracking was lost, the square
jumped to the extremity of the image, and the related coordinates had
unrealistic values. Any such coordinates were manually deleted; com-
plete trials were discarded if"20% of coordinates were deleted for this
reason.
The SLO was calibrated to quantify the amount of retinal movement
shown in the captured fundus image. A semi-silvered mirror was
placed in front of the SLO, allowing external targets to be viewed on
the same visual axis as the SLO. Two cross fixation targets of known
horizontal separation were placed on the wall parallel to the observer’s
line of sight. The distance between the targets and the semi-silvered
mirror was recorded, and, therefore, the angular separation of the
crosses could be calculated. The observer was instructed to look
steadily at one target for 10 seconds and then switch to the second
target for another 10 seconds. Fundus images were simultaneously
recorded. The position of a retinal landmark was tracked at a frequency
of 12.5 Hz, recording eye position in two-dimensional pixel coordi-
nates. The horizontal movement of the retinal image between the two
positions in image pixels was determined and used in a simple trans-
formation, with the angular separation of the two crosses to describe
the retinal motion seen on SLO recording in terms of visual angle. The
resultant conversion factor, 1 pixel:2.6 min arc, was used in all SLO
BCEA calculations. Because pixels within the central 5° of the SLO
screen have been shown to be square with respect to the retina,33 this
conversion factor is applicable in both the horizontal and the vertical
planes.
MP-1 Microperimeter
The MP-1 microperimeter (Nidek Technologies) was used. This instru-
ment comprises an infrared fundus camera and a liquid crystal display
(LCD) that presents stimuli to the observer.
A 1° red cross was displayed on the center of the LCD screen, and
subjects were asked to view the center of the cross. Standard fixation
measurement was performed using the techniques recommended by
Nidek. First, a reference image of the fundus was captured, and a
reference area of high-contrast retinal features was selected. During
the examination, inbuilt software (MP-1 SW 1.7) tracked this reference
area, calculating any shift in its position between the reference image
and subsequent frames within the image at a frequency of 25 Hz,
producing x and y coordinates of retinal position in degrees of visual
angle. If tracking of the real-time image failed, coordinates were not
generated until tracking was resumed. Nidek calculates the degree/
pixel ratio of each individual instrument, found to be 1:15.714 when
recently serviced. The MP-1 reports the total time of a fixation trial and
the tracked time; therefore, the amount of time during which tracking
fails is known. Ten seconds of tracked data were collected and ex-
ported for offline analysis.
BCEA Calculation
The BCEA encompassing 68% of fixations was calculated using the
formula
BCEA" 2.28#$H$V#1% &
2$1/2
where $H and $V are the standard deviations of fixation position in the
horizontal and vertical meridia, respectively, and & is the product
moment correlation of these two components.20 BCEA values in min-
utes of arc squared were normalized with a log transform. In addition
to correlation, agreement between values from each instrument was
assessed using the techniques described by Bland and Altman,34
whereby the difference between the two measurements is plotted
against their mean. This also reveals the magnitude of any difference.
RESULTS
Thirty-seven participants were recruited. The 16 normally
sighted volunteers (6 men, 10 women; age range, 21–41 years)
had visual acuity of 0.0 logMAR (6/6, 20/20) or better. The 21
(14 men, 7 women; age range, 24–77 years) patients with
diabetic maculopathy had visual acuity between 0.8 and 0.0
logMAR (6/38, 20/125 to 6/6, 20/20). All participants had
refractive error of between %6 and &4 DS spherical equiva-
lent.
Complete data were obtained from 28 subjects (14 in each
group). The nine instances of incomplete data—four instances
of He-Ne laser failure and five instances during which tracking
IOVS, August 2010, Vol. 51, No. 8 Fixation Stability Assessment 4347
!! !
!!
software failed to track recorded images accurately—all arose
from technical problems with the SLO. Analysis was conducted
on complete data only.
Normally Sighted Volunteers
Median BCEA value for SLO was 201 min arc2 (inter quartile
range 80–415) and for MP-1 was 303 min arc2 (173–541).
Mean log BCEA value for SLO was 2.26 log min arc2 (range,
1.51–2.91; SD, 0.44), and for MP-1 it was 2.51 log min arc2
(2.05–3.21; SD, 0.30). Figure 1 shows SLO versus MP-1 log
BCEA values. A weak linear correlation was found (r ! 0.33),
but this was not significant (P ! 0.24).
On average, SLO log BCEA values were smaller than their
MP-1 counterparts by 0.25 log min arc2; the difference failed to
reach significance (matched pairs; P ! 0.06). This is shown in
Figure 2, with the difference between values from both instru-
ments plotted against their mean. The solid horizontal line
represents the mean difference, and the dashed lines represent
"1.96 SD around the mean.
Subjects with Diabetic Maculopathy
The median BCEA value for SLO was 453 min arc2 (359–2770),
and for MP-1 it was 615 min arc2 (209–2350). Mean log BCEA
value for SLO was 2.90 log min arc2 (range, 2.03–4.05; SD,
0.60), whereas for the MP-1 it was 2.94 log min arc2 (1.90–
5.44; SD, 0.88). A slightly stronger linear correlation was seen
between the two sets of values (r ! 0.42), as shown in Figure
3, but again this did not reach significance (P ! 0.13).
On average MP-1 and SLO log BCEA values were similar.
SLO values were smaller by only 0.03 log min arc2. This small
difference was not significant (matched pairs; P ! 0.88), as
shown in Figure 4.
DISCUSSION
On average, no significant difference in BCEA values between
the SLO and the MP-1 was observed in subjects with normal
vision and patients with diabetic maculopathy. Somewhat sur-
prisingly, the correlation between BCEA values from the two
instruments was weak in both study groups but was slightly
stronger over the larger range of BCEA values recorded in
patients with diabetic maculopathy.
A previous study reported moderate agreement between
SLO and MP-1 fixation assessments in eyes with retinal disease,
FIGURE 1. SLO BCEA values compared with MP-1 BCEA values for
subjects with normal vision. All values are in log minutes of arc
squared.
FIGURE 2. Differences between SLO and MP-1 BCEA values are plot-
ted against the mean of the two values for subjects with normal vision.
Solid line: mean difference between the two values. Dashed lines:
"1.96 SD from the mean. All values are in log minutes of arc squared.
FIGURE 3. SLO BCEA values compared with MP-1 BCEA values for
subjects with diabetic maculopathy. All values are in log minutes of arc
squared.
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but the means of quantifying fixation differed significantly from
our method. Fixation was classified according to the MP-1
classification system described21 and was compared for agree-
ment using Cohen’s ! coefficient. In the case of the SLO data,
fixation was stable if the SD of fixation points around the mean
fixation point was less then 0.6°, relatively unstable if the SD
was between 0.6° and 1.2°, and unstable if the SD was greater
than 1.2°.35 Additionally, fixation was assessed during micro-
perimetric examination compared with our isolated fixation
task. Earlier work by the same author noted steadier fixation
during an isolated task than during microperimetry.15
In contrast to our results, a significant correlation between
MP-1 and SLO fixation assessment in patients with macular
disorders has been observed; however, the method of quanti-
fication differed considerably between each instrument. MP-1
fixation was quantified by mean extent, which is double the
square root of the product of the x and y degree positions of
fixation points, whereas SLO fixation was calculated as the
percentage of fixation points within the central 2° on SLO
measurement.28 Because of notable differences in study de-
sign, the findings from these studies cannot be directly com-
pared with our results.
To make direct comparisons between our BCEA measure-
ments and other published values, we examined the standard
deviations of fixation points along the horizontal and vertical
axes. In normal vision, while fixating a stationary target,
fixation points tend to spread out horizontally more than
vertically.10,11,22,36,37 The mean horizontal and vertical SDs of
our SLO and MP-1 data from subjects with normal vision con-
formed to this description, with average horizontal and vertical
SDs of 8 min arc and 6 min arc, respectively, on SLO and 9 min
arc and 7 min arc, respectively, on MP-1. Our SLO standard
deviations fall within the narrow range cited by Culham (4–8
min arc horizontally and 3–7 min arc vertically)10 and toward
the lower ranges quoted by Rohrschneider11 (8–88 min arc
horizontally and 6–65 min arc vertically) and Timberlake37
(4–38 min arc horizontally and 4–18 min arc vertically). Data
published in 2008 reported horizontal and vertical ranges of 4
to 9 min arc and 3 to 6 min arc, respectively, on the MP-1 for
10 experienced observers with normal vision.22 Although our
mean values fall slightly above these top limits, we suggest this
to be a consequence of the relative inexperience of our ob-
servers.
In those with diabetic maculopathy, the mean horizontal
and vertical standard deviations were 29 min arc and 22 min
arc, respectively, on SLO and 34 min arc and 59 min arc,
respectively, on MP-1. We do not know of any previous studies
that have quantified fixation in patients with diabetic macu-
lopathy in terms of BCEA or horizontal and vertical SDs. Our
findings agree with the value of 45 min arc given for a standard
deviation around a mean fixation point in eyes with clinically
significant diabetic macular edema.15 Fixation characteristics
in this patient group are not well defined. One recent study
looking at fixation in this population using the MP-1 found
stable fixation in more than 70% of eyes,29 whereas another
observed found unstable fixation in most (60%) eyes.30
To discover whether the different sampling rates of the two
instruments, 12.5 Hz on SLO and 25 Hz on MP-1, should
influence the size of the BCEA, we under sampled three MP-1
data files. Every second frame was removed, thereby simulating
a sampling rate of 12.5 Hz, equal to that of the SLO. Because
nearly equivalent values were found in each case (full data sets:
212, 80 and 514 min arc2; half data sets: 213, 80 and 528 min
arc2), it is unlikely to be a source of error.
We chose fixation durations of 10 seconds because longer
durations of blink-free data are difficult to record. Because
previous work revealed no systematic variation over time in
BCEAs calculated from the first 10 seconds of each of 8 con-
secutive minutes of fixation, we believe 10-second fixation
trials to be of adequate length for BCEA calculation.38
It has been reported that the SLO raster is distorted in a
trapezoidal manner such that the raster is 10% larger at the
bottom than the top.39 Misalignment between the infrared
imaging system and the LCD screen of the MP-1 has also been
described. Spatial alignment errors of 0.5° have been observed
between recorded retinal position and the true retinal location
stimulated (Woods RL, et al. IOVS 2007;48:ARVO E-Abstract
144). Because our subjects viewed a single fixation target in a
fixed central position, these distortions are unlikely to mean-
ingfully influence our findings.
In summary, fixation stability values measured using the
SLO and the MP-1 did not differ significantly on average. Be-
cause fixation stability is of more clinical interest in patients
with macular disease, we were encouraged to find such small
differences in the values of patients with diabetic maculopathy.
As described earlier, the collection of complete data was ham-
pered by persistent technical problems with the SLO. In con-
trast, the MP-1 was operational throughout. The Rodenstock is
no longer commercially available, difficult to maintain, and
expensive to service. The MP-1 is backed up by technical and
maintenance support from Nidek distributors. We suggest that
the similarity found in BCEA values and the consistent and
reliable operation of the MP-1 make it a useful and viable
alternative to the SLO in the assessment of fixation.
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Abstract
Purpose: Current research highlights a rising incidence of diabetes and its
complications. Diabetic retinopathy is the leading cause of blindness within the
working-age population of the United Kingdom. Increasing severity of retinopa-
thy is associated with reduced visual function and participation in daily living.
Only 8% of those referred to Moorfields Eye Hospital’s low vision clinic have dia-
betic eye disease, a value less than prevalence figures for diabetes would predict.
The lack of evidence for effectiveness of low vision intervention in this patient
group could be responsible. Therefore, in line with CONSORT guidance, we
present the methodology of the first randomised controlled trial to quantify the
effect of low vision rehabilitation on people with diabetic eye disease.
Methods: One hundred participants were recruited into four retinopathy sever-
ity groups based on their diagnosis according to the English National Screening
Programme Grading Protocol. Participants were randomised to either immedi-
ate intervention (1–2 weeks after enrolment) or delayed (control) intervention
(3 months after enrolment). Intervention was a standard low vision assessment
performed in a hospital clinic. The Activity Inventory (AI), was administered
to all participants by telephone within 1 week of enrolment (before any inter-
vention) and repeated at 3 and 6 months.
Results: One hundred participants (Type 1: 28, Type 2: 72; male: 62, female 38)
have been recruited. Median habitual distance acuity was 0.19 logMAR (6/9,
20/30), with an interquartile range of 0.06–0.30 logMAR (6/7.5–6/12, 20/25–20/
40). AI responses were scored by Rasch analysis, providing a measure of visual
ability. Median baseline visual ability was 1.64 logits, with an interquartile
range of 0.60–3.75 logits. Difference in mean change in visual ability between
intervention groups will be assessed 3 months (primary outcome) and
6 months (secondary outcome) after enrolment.
Conclusions: This is the first randomised controlled trial investigating the effec-
tiveness of low vision rehabilitation for people with diabetic eye disease. With
recruitment already complete, it is hoped this work will be the first step in guid-
ing referral criteria for those with diabetic eye disease into the low vision service.
Introduction
Current research highlights a rising incidence of diabetes
and its complications.1,2 The worldwide prevalence is also
projected to double between 2000 and 2030, from 171 to
366 million.3 Within the United Kingdom (UK) an addi-
tional 400 000 people are expected to be diagnosed with
diabetes between the years 2010 and 2030 taking the 2030
prevalence to just over 2.5 million.4
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Diabetic retinopathy is the leading cause of blindness
in the working-age population of the UK.5 Previous stud-
ies indicate that increasing severity of retinopathy is asso-
ciated with reduced visual acuity,6 contrast sensitivity7
and colour vision.8,9 Indeed, contrast sensitivity changes
can precede acuity loss in the early stages of the disease.10
Visual field defects are present in those with advanced
disease,11 with some suggesting visual field measurements
may be of more use than visual acuity alone when assess-
ing functional loss in diabetic retinopathy.6 Diabetic
macula oedema is a significant risk factor for the devel-
opment of visual loss.12 Macular oedema also reduces
fixation stability, which is associated with reduced reading
ability.13,14
Aside from functional deficits, participation in daily
activities is detrimentally affected by the presence of dia-
betic retinopathy,15 with tasks involving reading print,
mobility, work and leisure being particularly affected.
Though quality of life also appears to be affected by
increasing severity of retinopathy, the effect is thought to
be an indirect one, mediated by the reduced visual acuity
associated with increasing severity.16 In a longitudinal
study of those with Type 1 diabetes, visual acuity was the
most important factor associated with reduced vision-
related quality of life scores, however other measures of
visual function were not examined.17
Moorfields Eye Hospital, London, houses the largest
low vision clinic in the UK. Referrals to the clinic are
based on a best-corrected visual acuity of 6/12 (20/40) or
less and/or significant field loss in common with other
UK services.18 Departmental figures show that only 8% of
those attending Moorfields’ low vision clinic have a pri-
mary diagnosis of diabetic eye disease, very similar to the
figure of 9% reported recently from the Greater Baltimore
Medical Centre.19 Whether this reflects poor attendance,
under referral of these patients or something else entirely
is unclear.
Poor attendance of those with diabetic retinopathy was
observed in a study of access and utilisation of a new low
vision service in Australia in 2008. Only one-third of
referred patients with diabetic retinopathy attended the
service in contrast to 80% of those with age-related mac-
ular degeneration who were referred.20
Previous literature supports the possibility of under
referral contributing to the low number of patients with
diabetic eye disease attending low vision services. Referral
may be overlooked until active treatment, often necessary
in diabetic eye disease, has been suspended as has been
reported by focus groups previously.21 Active treatment is
certainly a recognised barrier to the registration process
in the UK.22,23
Additionally, as has also been demonstrated previously,
referral may not be instigated until visual acuity is
reduced to a greater degree than 6/12 (20/40).24 The
visual fluctuations common in diabetes may compound
this further. Moreover, clinicians and patients alike may
prioritise appointments related to other, potentially life
threatening complications of diabetes.
The predicted rise in the diabetic population together
with the reported deficits in both visual function and
quality of life, and the apparent under representation of
these patients in low vision clinics, suggests provision of
services may need to be updated. This can only be
achieved if we first establish the effectiveness of the ser-
vice in this patient group. Therefore we have undertaken
the first randomised controlled trial (RCT) examining the
effect of low vision intervention in patients with diabetic
eye disease. In line with CONSORT guidelines,25 we pres-
ent the methodology for this trial.
Methods/Design
Trial objective and design
To determine the effectiveness of standard hospital-based
low vision rehabilitation for people with diabetic eye
disease, using a delayed intervention RCT.
Participants
Participants were recruited from medical retina clinics at
Moorfields Eye Hospital, where patients have been graded
according to the English National Screening Programme
Grading Protocol (NGP) for Diabetic Retinopathy. The
protocol is based on the recommendations of Harding
and colleagues.26 Briefly, it grades retinopathy and macul-
opathy according to retinal signs and under certain cir-
cumstances, visual acuity. NGP retinopathy level R1
corresponds to mild to moderate non-proliferative reti-
nopathy, R2 to severe non-proliferative retinopathy and
R3 to proliferative retinopathy. Maculopathy is repre-
sented by M1 (where M0 represents no maculopathy).
Treatment with laser photocoagulation is indicated by the
letter P1, preceded by M or R to denote macular (focal)
or pan retinal (scatter) respectively. Table 1 displays the
grading protocol in further detail.
Ophthalmologists within the medical retina clinics were
fully briefed on the study protocol by the clinical lead on
the study team (CE) and the research optometrist respon-
sible for recruitment (HD). The ophthalmology team
identified potential participants according to following
criteria.
Inclusion
l patients with Diabetes Mellitus attending Moorfields
medical retina clinics; and
l patients with gradable diabetic retinopathy of at least
R1 in the better eye.
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Exclusion
l patients under the age of 18;
l patients who are not fluent in English;
l patients with serious hearing impairment;
l patients with concomitant eye disease (other than
mild cataract);
l patients who have previously attended a low vision
clinic;
l patients with poor mobility or in poor general health;
and
l patients who are hospital inpatients, live in nursing
homes or who are otherwise non-independent.
Those expressing an interest were referred to HD, who
verbally described the project, provided a patient infor-
mation sheet detailing study involvement and answered
any subsequent questions. Patients keen to take part were
contacted by telephone up to one week later to confirm
their interest. Appointments were booked for all those
still interested at which time informed consent was taken
by HD. Three copies of the consent form were signed by
both HD and the participant. One copy was retained by
the participant, one by HD and one was placed in the
hospital notes.
Disease status of recruited patients was determined by
reviewing hospital notes following their clinic visit, allow-
ing participants to be recruited into the following groups
based on their recent NGP diagnosis of the better eye:
l Mild to moderate non-proliferative retinopathy with-
out macular involvement: R1.
l Severe non-proliferative retinopathy without macular
involvement: R2.
l Severe non-proliferative retinopathy with macular
involvement: R2+M1/MP.
l Advanced disease: R3/RP ± M1/MP.
The better eye was defined as the eye with the less severe
diagnosis. Where the diagnoses were the same, the better
eye was that with better visual acuity. If visual acuity was
equal, the participant’s dominant eye for aiming was cho-
sen. This was deduced by asking the participant to look at a
spot target across the room and with their arm out-
stretched; position their index finger in front of the spot.
The eyes were then covered in turn and the participant
reported whether the spot was still covered. The open eye
for which the spot was still covered was designated the aim-
ing dominant eye. In a small number of cases, participants
reported that they could not cover the spot (i.e. neither eye
was obviously dominant). If this was the case the partici-
pant chose the eye they felt was their most dominant.
Participant assessment
Following enrolment, participants underwent a visual
assessment designed to describe multiple aspects of visual
function. Median time between initial clinic visit and
visual assessment was 9 days [Inter quartile range (IQR)
6–20]. Examination included refraction, Early Treatment
of Diabetic Retinopathy Study (ETDRS) visual acuity,
Pelli-Robson contrast sensitivity27 and Bailey Lovie near
acuity.28 Central visual field function was also examined
using the MP-1 Microperimeter (http://www.nidek.co.uk/
html/index.html).
Reading performance measures [MNREAD and the
International Reading Speed Test (IReST)],29,30 Lanthony
desaturated panel D-15 test,31 Binocular Esterman visual
fields using the Humphrey Visual Field Analyzer (Hum-
phrey Instruments, http://www.humphrey.com) and MP-1
fixation stability assessments were also carried out as part
of a separate study running in tandem with the trial.
Table 1. English National Screening Programme grading protocol for diabetic retinopathy (adapted from Harding et al., 2003)
R1 Mild to moderate non-proliferative
retinopathy (previously background)
Microaneurysm(s) Retinal haemorrhage(s) ± exudate
R2 Severe non-proliferative retinopathy
(previously pre-proliferative)
Venous beading
Venous looping or reduplication
Intraretinal microvascular abnormality
Multiple deep, round or blot haemorrhages
Cotton wool spots
R3 Proliferative retinopathy New vessels on disc
New vessels elsewhere
Preretinal or vitreous haemorrhage
Preretinal fibrosis ± tractional retinal detachment
M1 Maculopathy Exudate within 1 DD of the centre of the fovea
Circinate or group of exudates within the macula
Retinal thickening within 1 DD of the centre of the fovea
Any microaneurysm or haemorrhage within 1 DD of the centre
of the fovea only if associated with a best corrected visual acuity of £ 6/12
P1 Photocoagulation Focal (macular) or Scatter (pan retinal)
Low vision rehabilitation in diabetic eye disease HMP Dunbar et al.
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Refraction, distance and near visual acuity and contrast
sensitivity were measured for each eye, (right eye first)
and binocularly using different charts on each occasion.
MP-1 measurements were carried out on the better eye
only, as binocular testing is not possible. The order of
testing was not randomised.
Refraction was performed at 4 m. Briefly, the most posi-
tive or least negative spherical and least negative cylindrical
lens consistent with best visual acuity was used.
Habitual (wearing any previously prescribed glasses or
unaided as appropriate) and corrected (wearing prescrip-
tion determined by refraction) visual acuity was assessed
using an internally illuminated ETDRS chart (Lighthouse
International, NY, USA) at 4 m with room lights
extinguished. Letter by letter scoring was employed in
accordance with the method described by Ferris.32
Pelli-Robson contrast sensitivity was measured at 1 m
under the recommended luminance level of !85 cd m2.
Participants wore their full correction with a +1 dioptre
addition. The test was scored using the method described
by Elliott et al.33
Habitual near acuity was examined using the Bailey
Lovie near vision test. Participants viewed the test at their
preferred reading distance wearing their usual near cor-
rection. The smallest line read with no more than one
error was recorded.
Central visual field function was examined by retinal-
specific microperimetry using the MP-1 microperimeter.
The MP-1 comprises an infrared fundus camera allowing
video fundus imaging and a liquid crystal display (LCD)
on which stimuli are presented. Retinal position is moni-
tored throughout the examination, allowing stimuli posi-
tions to be adjusted for any retinal movement.
A 10-2 test pattern was used, examining 68 points (1!
separation) centred on fixation, in the central 10! of
visual field. Goldman III stimuli were presented for
200 ms on the LCD screen whilst participants viewed a
central 2! red cross. Threshold sensitivity in decibels (dB)
at each point was determined using a 4-2 staircase
method with an initial stimulus intensity of 10 dB where
0 dB = 127 cd m)2. Inbuilt software determines the mean
sensitivity of all 68 points as well as the difference in dB
between measured thresholds and age-corrected normal
values at each test location, the average of which is given
as the mean defect in dB.
Additionally, test locations are classified as ‘normal’,
‘suspect’, ‘relative scotoma’ or ‘absolute scotoma’. The
number of relative and absolute points in each plot were
summed and expressed as a percentage, which we refer to
here as scotoma size.
Within 1 week of the baseline assessment, a trained
research assistant contacted participants by phone to
administer the Activity Inventory (AI).34 The AI is a well
validated, Rasch analysed patient reported outcome mea-
sure (PROM), previously validated for telephone adminis-
tration.35
The AI examines 50 goals split between three objec-
tives: social functioning, recreation and daily living.
Examples of goals include reading the newspaper, enter-
taining guests and dressing oneself. Respondents first
rated the importance of each goal with four possible
responses ranging from ‘not important’ to ‘very impor-
tant’. Goals rated ‘not important’ were skipped, but for
all other goals the participant was asked to rate its diffi-
culty on a five point scale ranging from ‘not difficult’ to
‘impossible without help’. The difficulty responses were
Rasch analysed to produce a continuous measure of
visual ability, which we refer to here as the AI score.
Randomisation
Following the participant assessment, participants
were allocated by minimisation to one of two arms;
immediate intervention (intervention within 2 weeks of
enrolment) and delayed (control) intervention (interven-
tion 3 months after enrolment). The minimisation proce-
dure incorporated four weighted factors: visual acuity
(weighted 4), disease severity classification (weighted 3),
age (weighted 2) and sex (weighted 1), using ‘Minim’, a
free minimisation programme available from http://
www.sghms.ac.uk/depts/phs/guide/randser.htm. Access to
the procedure was held by a statistician within the
Research and Development department of Moorfields Eye
Hospital.
Those on the immediate intervention arm received
intervention within 2 weeks of enrolment. Three months
after enrolment all participants were contacted and asked
to repeat the AI. Those on the delayed (control) interven-
tion arm were scheduled to receive intervention within
the next week. six months after enrolment all participants
were contacted to complete the final AI.
Before each administration, participants were instructed
on how to answer the questionnaire with a practice ques-
tion asked to verify understanding. The research assistant
was masked to the randomisation procedure and
reminded participants not to reveal information regarding
their allocation. Any inadvertent masking violations were
recorded and reported in accordance with the CONSORT
Statement.25 On completion of the questionnaire, the
research assistant guessed the allocation of participants, in
order to evaluate the success of the masking procedure.
Study design dictated that neither the participants nor
optometrist responsible for administering the intervention
could be masked.
At each administration of the AI, participants were
asked whether there had been any change in the medical
HMP Dunbar et al. Low vision rehabilitation in diabetic eye disease
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management of their diabetes, whether they had received
additional laser photocoagulation and whether they had
experienced any significant changes in their general health
since the previous administration. Any changes were
recorded as dichotomous yes/no variables.
Intervention
The intervention was a low vision assessment (LVA), con-
forming to the standard care provided to all low vision
patients at Moorfields Eye Hospital and was consistent
with previously published standards.36 The assessment
included:
l assessing patient’s understanding of their eye condi-
tion;
l discussing needs/visual requirements and setting initial
goals;
l assessing distance and near vision;
l determining appropriate levels of magnification;
l demonstrating selected low vision aids based on the
results of the vision assessment and patient goals;
l determining visual aids to be prescribed and reviewing
use and handling;
l discussing lighting and other methods of enhancing
vision as appropriate;
l demonstrating electronic magnifiers where appropri-
ate;
l discussing availability of other applicable services (e.g.
social services, charities);
l dispensing prescribed low vision aids on loan;
l arranging follow-ups as necessary.
The same experienced low vision optometrist con-
ducted all LVAs. Participants were deemed to have
received the intervention even if no low vision aids were
required.
Data analysis
Data will be analysed using the intent to treat principle.
However if any participants are lost to follow up and AI
data is unobtainable, an available case analysis will be
performed. Characteristics of those lost to follow-up will
be compared with those not. If significant differences
exist, a sensitivity analysis will be performed using
imputed data. Difference in mean change in AI score
between arms, will be examined by analysis of covari-
ance 3 (primary outcome) and 6 months (secondary
outcome) after enrolment. We will also examine whether
delaying intervention affects AI score by examining the
difference in mean change in AI score between groups
3 months after intervention was delivered, i.e. at
3 months in the intervention group and 6 months in
the delayed group (secondary outcome).
Models will be adjusted for prognostic variables used
in the minimisation process (as recommended by
Taves37). Further sensitivity analyses will be performed by
constructing two further models; one completely unad-
justed model and a second adjusted for minimised factors
plus three additional factors: (1) change in general health
(2) change in medical management of diabetes and (3)
the occurrence of additional laser photocoagulation
throughout the time period in question.
Additionally, exploratory sub group analysis will be
conducted to investigate whether change in AI score fol-
lowing intervention is related to disease severity group,
baseline visual acuity or central visual field function.
In order to investigate the influence of baseline visual
acuity, participants will be grouped according to whether
their baseline visual acuity falls above or below a thresh-
old. The difference in mean change in AI score between
arms within these groups will be calculated as described
above. Initially a threshold of 0.3 LogMAR (6/12) will be
used. Sequentially lower thresholds (better visual acuity)
will be used to establish the level of visual acuity at which
patients would benefit from a referral for low vision
services.
In order to investigate the influence of central field
function, participants will again be dichotomised accord-
ing to the percentage of relative and absolute points
recorded by retinal microperimetry. The difference in
mean change in AI score between arms within the two
groups will be calculated as above. Initially a threshold of
37% (!25 points) will be used (the median value when
all participants are considered).
As the number of participants within each subgroup
will be small, these analyses will lack sufficient power to
provide definitive results and will therefore be considered
exploratory only.
Data input and storage
Three separate password protected databases were
designed in Microsoft Office Access (Version 7.4): the
first for confidential patient details and intervention
assignment, the second, for anonymised baseline clinical
information and the third for anonymised AI response
data. AI response data entry was single entry. Ten per
cent of data was then selected at random using a random
number generator and double entered to check accuracy
of data input. Double entered data was 100% accurate
and so no further steps were taken.
Sample size
The software package PS for Windows (Version 2.1.31) was
used to calculate the minimum number of participants
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required to detect a clinically significant difference in out-
come measure, (AI score at 3 months).38 Calculation was
based on detecting a 0.7 logit difference following rehabili-
tation, consistent with previous publications.39 Standard
deviation (S.D.) of the AI score was estimated at 1.0 logits
(based on previously published data from AI question-
naires administered to Moorfields’ low vision patients39).
Type I error rate (alpha) was set at 0.05 (two-tailed). For a
power of 0.90, a minimum of 44 patients per group is
required. To allow for participant dropout, 50 participants
will be recruited onto each arm.
Ethics approval
Full ethics approval was granted by the National Hospital
for Neurology and Neurosurgery and Institute of Neurol-
ogy Joint Research Ethics Committee (approval number
08/H0716/70). The study conforms to the tenets of the
declaration of Helsinki.
Results
Recruitment
Recruitment took place between June 2009 and February
2011. 256 patients were assessed for eligibility. Of those,
37 were ineligible. Ineligibility was most often due to non-
fluency in English (20 patients). A further 16 patients
expressed an interest in taking part yet were unable to, for
example seven patients reported living too far from the
hospital to make extra visits convenient. One hundred
and three declined to participate, leaving 100 eligible
patients who were enrolled and randomised (an accep-
tance rate of 46%). Of those, 49 were assigned to the
immediate intervention group and 51 to the delayed inter-
vention (control) group. These values (shown in bold)
and the structure of study visits are shown in Figure 1.
Baseline participant characteristics
Type 2 diabetes was more common (72%) and 62% were
male. Mean age was 57 years (range: S.D., 26–83: 12).
Median time since diagnosis was 20 years (IQR 12–30)
and with diabetic eye disease being present for a median
of 5 years (IQR 3–10). Participants were roughly split
between the four disease severity groups with 25 in group
1, 21 in group 2, 18 in group 3 and 36 in group 4. Median
habitual distance acuity of better eyes was 0.19 logMAR
(6/9, 20/30) with an IQR of 0.06–0.3 logMAR (6/7.5–6/12,
20/25–20/40). Median baseline AI score was 1.64 logits,
with an IQR of 0.60–3.75 logits. A breakdown of baseline
characteristics by intervention group is shown in Table 2.
The Shapiro–Wilk W test was used to test whether each
variable came from a normal distribution. Normality was
rejected where p < 0.05. Non-normally distributed vari-
ables are described by their median and IQR.
The distribution of baseline characteristics between
intervention groups was examined for clinically significant
differences. All differences were small and deemed to have
no clinical significance. The use of statistical significance
testing to detect baseline differences between groups is
inappropriate.40–42 When intervention group allocation is
determined by a random procedure, any differences are
by definition due to chance. In any case, our planned an-
cova analyses will control for any baseline difference
between groups in baseline AI score and the variables on
which minimisation took place.
Discussion
More than one in three people with diabetes have some
evidence of diabetic retinopathy.43 Nearly one in thirty
people with type I diabetes and 1.6% of those with type
II diabetes have visual acuity of <6/60 (20/200).44,45
Diabetic patients present a unique set of challenges to
the low vision practitioner due to the early onset and
fluctuating nature of vision loss, the specific visual
demands of disease management and associated multisys-
tem losses.46 Despite this, there have been no previously
published RCTs investigating the effect of low vision
intervention in this growing patient group.
Interestingly, the visual acuity of participants in this
study is somewhat better than we had anticipated. This
does not reflect difficulties in the recruitment of those
with poor visual acuity. Visual acuity was intentionally
omitted from the recruitment criteria and participants
were recruited in a consecutive manner over a period of
around 18 months. We chose not to assume that acuity
would be the best predictor of success with low vision
intervention and so decided to include those with good
acuity provided they had gradable diabetic retinopathy in
the better eye. Indeed functional deficits in contrast sensi-
tivity,8,47 colour vision48–50 and mean retinal sensitivity51
have been demonstrated in people with diabetes before the
onset of ophthalmoscopically visible retinopathy. How-
ever, should acuity be a good predictor of success, the data
collected will allow us to examine the acuity level associ-
ated with success, albeit from an exploratory standpoint.
In additional work running in parallel with this trial
we will also be exploring through multiple regression
analyses, the association between multiple aspects of
visual function and baseline AI score.
RCTs are generally accepted as providing the highest
standard of evidence for inteventional studies.25 Through-
out the field of low vision research, there are surprising
few RCT investigating low vision rehabilitation and of
those published, results are mixed.39,52,53 Pearce et al.39
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showed an average 0.64 logits improvement in visual abil-
ity as measured by the AI in low vision patients following
standard National Health Service (NHS) low vision inter-
vention. However an enhanced service offered no addi-
tional benefit. A multicentre RCT investigating the
effectiveness of an out-patient low vision rehabilitation
programme comprising at least 10 hours of therapy and
home visits, revealed an average 2.43 logit improvement in
self reported reading ability, whilst those on a waiting list
control experienced reduced function.52 In contrast,
Reeves et al.53 reported a small but significant reduction
in health and vision specific quality of life over 12 months
following conventional and enhanced low vision services.
Randomisation improves the internal validity of a trial.
It prevents systematic bias in the allocation of patients to
treatment groups,54 however it does not automatically
promote its external validity; the applicability of the
results to situations other than the defined circumstances
in which a trial was run.55,56
Many trials include strict inclusion criteria and have
tight control over treatments within trials, but it has been
argued that trials undertaken with a more pragmatic
approach may produce results that are more applicable in
clinical practice and to policy makers.55 Our inclusion
criteria are broad with little stipulation made on the
severity of disease and no exclusion of patients treated
with laser photocoagulation.
Participants were allocated to intervention groups using
minimisation, a technique first described by Taves.37 Min-
imisation assigns participants to treatment and control
Figure 1. Flowchart describing the trial structure and flow of participants through each stage. Text in bold described participants already recruited.
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groups, whilst minimising differences in the number of
participants in each group and the presence of predeter-
mined prognostic factors between groups. Chance skew-
ing of prognostic factors between treatment groups may
result in spurious conclusions.57 This is usually avoided
by using stratified randomisation, where different sub-
groups are created representing all possible combinations
of prognostic factors, with the aim of achieving equal
numbers of participants in each subgroup. As the number
of prognostic factors increases, so too does the number of
subgroups and as such, stratified randomisation is often
not appropriate for small studies or studies with more
than two prognostic variables.37,58 Minimisation only
seeks to achieve balance on each prognostic variable con-
sidered separately and as such can handle more prognos-
tic variables even in studies with relatively few
participants. It was considered that with a sample size of
100 and four prognostic factors, minimisation was a more
appropriate technique than stratified randomisation.
Though lauded by some for ensuring group balance59
and for reducing the probability of severe imbalances as
compared to randomisation,37 minimisation has been
criticised for the lack of complete randomness in its allo-
cation method.60 Participants are allocated to the group
that minimises the existing difference between prognostic
factors, therefore the allocation of previous participants
influences future allocations. In theory, an investigator
with prior knowledge of the participants already enrolled,
could potentially determine the allocation of the next par-
ticipant. Taves and others refute this, as any potential
selection bias is excluded if the procedure is controlled by
an independent person.61–63 To protect against selection
bias, our minimisation procedure was set up and con-
trolled exclusively by the Research and Development
department at Moorfields Eye Hospital.
The non-random nature of minimisation has implica-
tions for subsequent analysis, as tests of statistical infer-
ence are based on random assignment to groups.
Compensation is achieved by adjusting for the factors on
which minimisation was carried out using analysis of
covariance.37 This has been adopted into our analysis plan.
The control for this study was 3 month delayed inter-
vention, as withholding the intervention from half the
study population was not considered acceptable. This
delay is less than the normal waiting list time for an
appointment in the low vision clinic. Therefore our delay
did not penalise subjects when compared to standard
practice.
No international consensus on the definition of low
vision rehabilitation exists. Both in- and out-patient set-
tings have been described.64,65 Some services have specific
provision for eccentric viewing or orientation and mobil-
ity training. Aids may be provided at no cost or at a fee
and can range from simple optical aids to sophisticated
electronic aids. Professional input can come from a vari-
ety of individuals: optometrists, ophthalmologists, occu-
pational therapists and rehabilitation officers to name a
few. Recommended standards for NHS low vision services
have been published by the NHS Low Vision Working
Group,66 to which our intervention conforms. The NHS
model is an out-patient, primarily optometrist led service
with no provision for eccentric viewing training or orien-
tation and mobility training. All treatment, low vision
assessments and optical magnifiers are provided through
state funding at no charge to the patient. Electronic aids
are not provided, but are available for demonstration
purposes.
Though results of this study may not be applicable out-
side the NHS setting, this model of care represents the
majority of rehabilitation appointments in the UK67 and
therefore warrants analysis. Furthermore, a recent system-
atic review of effectiveness of low vision service provision
found only seven RCTs in the literature, highlighting the
need for more high quality evidence in our field.68
The use of a PROM allows the assessment of
effectiveness in everyday life as opposed to measuring
performance on a surrogate task in a clinic setting.
Table 2. Baseline characteristics by intervention group. Habitual dis-
tance acuity, contrast sensitivity and habitual near acuity represent
binocular measurements. Mean sensitivity, mean defect and % rela-
tive and absolute points were derived from better eye measurements.
Baseline
characteristics Immediate n = 49 Delayed n = 51
Sex
Male : female 31 : 18 31 : 20
Age
Mean (range) years 58 (36–83) 57 (26–83)
Diabetes type
1 : 2 12 : 37 16 : 35
Duration of diabetes
Median (IQR) years 19 (12–30) 20 (12–27)
Duration of diabetic eye disease
Median (IQR) years 5 (4–10) 5 (3–9)
Disease severity groups
1 : 2 : 3 : 4 12 : 10 : 9 : 18 13 : 11 : 9 : 18
Habitual distance acuity
Median (IQR) LogMAR 0.10 (0.00–0.25) 0.12 (0.00–0.22)
Habitual near acuity
Median (IQR) LogMAR 0.4 (0.3–0.4) 0.3 (0.2–0.4)
Contrast sensitivity
Median (IQR) log units 1.45 (1.30–1.55) 1.40 (1.25–1.55)
Microperimetry sensitivity
Median (IQR) decibels 15.7 (13.1–17.3) 16.1 (13.8–18.1)
Scotoma size (relative or absolute)
Median (IQR) % points 41 (23–71) 35 (13–59)
Baseline visual ability
Median (IQR) logits 1.61 (0.65–3.63) 1.67 (0.58–4.75)
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In recent years the number of PROMs developed for
those with visual impairment has increased. A review
paper in 2001 identified 13 such instruments.69 Thirty
one were identified in a similar review in 2004, however
substantial variation in the psychometric quality of
instruments was demonstrated.70 Researchers therefore
need to exercise care in the choice of an appropriate
PROM.
Many instruments use raw scores as measurements,71–73
the disadvantage of which has been much discussed.74,75
Briefly, raw scores are derived from ordinal data and as
such cannot be treated as continuous measurements. The
Rasch model transforms raw data to create abstract,
equal-interval scales. Equality of intervals is obtained
through log transformation of raw data odds and abstrac-
tion is accomplished through probabilistic equations.76
Instruments developed using Rasch anaylsis are consid-
ered to be of the highest quality.74 As such we considered
only Rasch developed questionnaires. We also eliminated
those developed for an inappropriate target population
(i.e. cataract patients). Of those considered for this study,
only the AI has demonstrated sensitivity to change follow-
ing low vision rehabilitation in the NHS setting39 and
validity in a diabetic population.77 For these reasons the
AI was deemed to be the most appropriate PROM
available at the time of study design. The AI however
does not assess vocational and education activities. This
may be a limitation, as patients may be studying or
employed.
As described above, for the purposes of the sample size
calculation the S.D. of baseline AI scores was estimated as
1.0 logits. However the true S.D. of our sample was 2.2
logits suggesting our sample sizes are low. This disparity
may reflect differences in baseline characteristics of the
two study populations in terms of visual acuity and diag-
nosis and is a limitation of the current study.
Though focusing on the ocular manifestations of diabe-
tes, we are essentially dealing with a systemic condition.
Therefore, any change in blood glucose control leading to
adjustment of the medical management of the condition
or to further health decline throughout the study may
mask change attributable to the intervention. Similarly,
active treatment of any retinopathy or maculopathy may
alter a participant’s visual function and hence influence
the effectiveness of the intervention. We are therefore col-
lecting data from participants at each administration of
the AI, relating to general health and medical and ocular
disease management, so that any changes can be adjusted
for in the final analysis. Exclusion of these patients would
greatly limit the applicability of the results outside the
trial setting.
In common with previous RCTs in this field,36,39,64
those with previous experience of low vision rehabilitation
are excluded. This could be a potential source of selection
bias, as those with previous experience may be those with
more severe disease or greater motivation, who stand to
gain most from the intervention. If so, this would result in
an underestimation of the effect of the intervention.
In accordance with the CONSORT Statement,25 a trial
steering committee has been set up to oversee and guide
the management of the trial. The committee comprises an
external chairperson, statistician, consultant ophthalmolo-
gist, patient representative and the study team. The com-
mittee meets twice yearly to discuss management of the
trial, recruitment progress, data collection and storage
and subsequent dissemination of results. The trial has also
been registered on a publically available trials database
(http://www.controlled-trials.com/ISRCTN91672666).
This is the first RCT investigating the effectiveness of
standard NHS hospital-based low vision rehabilitation for
people with diabetic eye disease. A pragmatic approach
has been adopted to increase the applicability of the
results beyond that of the trial setting. With recruitment
already complete, it is hoped this work will be the first
step in guiding referral criteria for those with diabetic eye
disease into low vision services.
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5 #)"#&"!##% F 69 B 2 19 9
6 (("#&"!##% M 74 W 2 15 10
7 (*"#&"!##% F 62 W 1 53 20
8 (&"#&"!##% F 54 B 2 12 4
9 !("#&"!##% M 53 W 2 20 4
10 !("#%"!##% F 75 B 2 29 16
11 !!"#%"!##% F 49 W 1 41 18
12 ()"(#"!##% M 69 B 2 19 10
13 ($"(#"!##% F 54 B 2 12 4
14 (%"(#"!##% M 37 W 1 22 11
15 !$"(#"!##% M 66 B 2 6 5
16 !'"(#"!##% M 36 W 1 24 2
17 )#"(#"!##% M 60 W 2 21 2
18 !)"(("!##% M 57 A 2 15 5
19 !!"#("!#(# M 56 W 1 49 26
20 !+"#("!#(# M 63 W 2 11 11
21 #%"#!"!#(# M 39 W 1 31 6
22 (#"#!"!#(# M 59 A 2 22 2
23 (!"#!"!#(# M 77 B 2 34 2
24 (!"#!"!#(# M 44 B 2 16 4
25 ('"#!"!#(# M 38 W 1 31 15
26 #!"#)"!#(# M 43 W 1 31 8
27 (+"#)"!#(# M 83 W 1 67 40
28 ($"#)"!#(# M 60 B 2 10 1
29 !!"#)"!#(# M 69 W 1 42 30
30 !)"#)"!#(# F 69 B 2 20 4
31 )#"#)"!#(# F 70 B 2 20 9
32 (!"#*"!#(# F 69 W 1 30 5
33 ($"#*"!#(# F 54 A 2 33 5
34 !$"#*"!#(# M 65 A 2 9 9
35 !%"#*"!#(# M 48 W 2 15 4
36 (*"#+"!#(# M 45 W 1 20 5
37 ('"#+"!#(# M 77 W 2 30 10
38 (&"#+"!#(# M 63 W 2 19 8
39 !+"#+"!#(# F 41 W 1 29 14
40 !+"#+"!#(# M 36 W 1 34 5
41 !$"#+"!#(# F 58 B 2 30 10
42 (("#$"!#(# F 37 A 1 25 5
43 (*"#$"!#(# M 48 W 1 27 10
44 (&"#$"!#(# M 56 A 2 4 4
45 !!"#$"!#(# M 46 C 2 10 10
46 !+"#$"!#(# F 55 B 2 18 3
47 !%"#$"!#(# M 56 W 2 6 6
48 !%"#$"!#(# M 35 W 1 33 5
!! _II!
!8+#+.&8(&#=(=*L"@%&M/+.(=&$&(
!"11,%5&>!)$2#,!_!0-%)&%:,57!!Z:##!5,'-4.$1*&0!$%5!0#&%&0$#!5$)$!/-.!$##!1$.)&0&1$%)(7!!8!m!'$#,;!Z!m!/,'$#,;!f!m!f#$09;!E!m!E*&),;!"!m!"(&$%;!P!m!P*&%,(,;!A8!m!A&$2,),(!',##&):(;!A:.!A8!m!A:.$)&-%!-/!5&$2,),(;!A:.!ANA!m!5:.$)&-%!-/!5&$2,)&0!,6,!5&(,$(,;!Dc@!m!D$)&-%$#!4.$5&%4!1.-)-0-#;!O!m!.,)&%-1$)*6;!8!m!'$0:#-1$)*6;!@!m!1*-)-0-$4:#$)&-%7!
(
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
Better Severity NGP 
eye Group grade
R 2 R2
L 1 R1
R 1 R1
R 2 R2
L 2 R2
R 1 R1
R 3 R2 + MP
L 1 R1
R 4 R3 + MP
R 1 R1
L 4 R3
L 3 R2 + M1
L 4 R3
R 4 R3
L 1 R1
R 1 R1
L 4 R3
R 3 R2 + MP
R 1 R1
R 2 R2
R 4 R3
L 1 R1
R 1 R1
R 2 R2
R 4 R3
R 4 R3
R 4 R3P + MP
R 1 R1
L 4 R3P
R 4 R3P + M1
L 2 R2
R 3 R2 + MP
R 4 R3P
R 4 R3P + MP
R 4 R3P
L 3 R2 + M1
R 2 R2
L 4 R3P + MP
R 4 R3P
R 4 R3P
L 1 R1
R 4 R3
R 4 R3P
L 4 R3P
R 4 R3P + MP
R 4 R3P + M1
L 3 R2 + MP
R 4 R3P
!! _Ie!
!8+#+.&8(&#=(=*L"@%&M/+.(=&$&(
(
("11,%5&>!)$2#,!_!0-%)&%:,57!!Z:##!5,'-4.$1*&0!$%5!0#&%&0$#!5$)$!/-.!$##!1$.)&0&1$%)(7!!8!m!'$#,;!Z!m!/,'$#,;!f!m!f#$09;!E!m!E*&),;!"!m!"(&$%;!P!m!P*&%,(,;!A8!m!A&$2,),(!',##&):(;!A:.!A8!m!A:.$)&-%!-/!5&$2,),(;!A:.!ANA!m!5:.$)&-%!-/!5&$2,)&0!,6,!5&(,$(,;!Dc@!m!D$)&-%$#!4.$5&%4!1.-)-0-#;!O!m!.,)&%-1$)*6;!8!m!'$0:#-1$)*6;!@!m!1*-)-0-$4:#$)&-%7!
(
ID Recruitment Sex Age Ethnicity DM Dur Dur 
date Type DM DED
49 !"#!$#"!%! M 82 B 2 33 7
50 !&#!$#"!%! F 26 W 1 14 2
51 !'#!$#"!%! F 66 W 2 14 2
52 "!#!$#"!%! F 70 B 2 18 4
53 ""#!$#"!%! M 55 W 2 22 8
54 "(#!$#"!%! M 69 B 2 24 1
55 "&#!$#"!%! M 63 W 2 17 1
56 ")#!$#"!%! M 49 W 2 16 4
57 !(#!'#"!%! F 69 W 2 27 9
58 !*#!'#"!%! M 49 B 2 18 8
59 !&#!'#"!%! F 54 W 2 28 2
60 %(#!'#"!%! M 65 W 2 15 10
61 %$#!'#"!%! F 50 W 1 26 5
62 "!#!'#"!%! F 65 B 2 26 10
63 "(#!'#"!%! M 60 B 2 6 3
64 "+#!'#"!%! F 44 W 1 24 5
65 "*#!'#"!%! M 55 W 2 5 5
66 !$#!)#"!%! M 60 A 2 20 2
67 %+#!)#"!%! F 60 B 2 20 3
68 %&#!)#"!%! M 59 B 2 5 1
69 %$#!)#"!%! M 60 W 2 8 6
70 "!#!)#"!%! F 51 W 2 12 5
71 "+#!)#"!%! F 64 W 2 21 4
72 %%#%!#"!%! M 57 W 2 20 10
73 %+#%!#"!%! F 59 B 2 30 10
74 %'#%!#"!%! F 51 A 2 13 5
75 !"#%%#"!%! M 63 W 2 10 10
76 !)#%%#"!%! M 61 B 2 14 8
77 %!#%%#"!%! F 51 W 2 9 1
78 %%#%%#"!%! M 51 B 2 18 5
79 %"#%%#"!%! F 47 W 1 16 7
80 %*#%%#"!%! M 72 B 2 8 8
81 %'#%%#"!%! M 66 B 2 10 10
82 "(#%%#"!%! M 35 W 1 22 5
83 "&#%%#"!%! M 57 W 2 23 10
84 (!#%%#"!%! M 51 W 1 39 4
85 !"#%"#"!%! F 37 W 1 33 18
86 !"#%"#"!%! M 61 W 1 47 2
87 !$#%"#"!%! F 81 W 2 30 14
88 !&#!%#"!%% F 55 B 2 10 8
89 %%#!%#"!%! F 59 B 2 19 7
90 %+#!%#"!%% M 41 W 2 6 6
91 %$#!%#"!%% M 63 W 2 42 20
92 %'#!%#"!%% M 36 A 2 2 2
93 "+#!%#"!%% M 35 W 1 34 2
94 "$#!%#"!%% M 52 A 2 6 1
95 "$#!%#"!%% M 67 B 2 18 5
96 !(#!"#"!%% F 65 W 2 3 1
!! _Ig!
!8+#+.&8(&#=(=*L"@%&M/+.(=&$&(
("11,%5&>!)$2#,!_!0-%)&%:,57!!Z:##!5,'-4.$1*&0!$%5!0#&%&0$#!5$)$!/-.!$##!1$.)&0&1$%)(7!!8!m!'$#,;!Z!m!/,'$#,;!f!m!f#$09;!E!m!E*&),;!"!m!"(&$%;!P!m!P*&%,(,;!A8!m!A&$2,),(!',##&):(;!A:.!A8!m!A:.$)&-%!-/!5&$2,),(;!A:.!ANA!m!5:.$)&-%!-/!5&$2,)&0!,6,!5&(,$(,;!Dc@!m!D$)&-%$#!4.$5&%4!1.-)-0-#;!O!m!.,)&%-1$)*6;!8!m!'$0:#-1$)*6;!@!m!1*-)-0-$4:#$)&-%7!
(
(
(
ID
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
Better Severity NGP 
eye Group grade
L 4 R3P + MP
R 4 R3P
L 3 R2 + MP
L 3 R2 + MP
L 1 R1
R 2 R2
R 1 R1
R 3 R2 + MP
L 2 R2
L 2 R2
R 2 R2
L 2 R2
L 2 R2
R 1 R1
L 3 R2 + M1
L 3 R2 + M1
R 2 R2
L 3 R2 + MP
R 2 R2
L 1 R1
R 3 R2 + MP
L 2 R2
L 3 R2 + MP
L 1 R1
L 3 R2 + M1
L 1 R1
R 3 R2 + MP
L 2 R2
R 1 R1
R 2 R2
R 2 R2
R 2 R2
R 3 R2 + MP
L 1 R1
R 1 R1
L 4 R3P
L 4 R3P
L 1 R1
L 2 R2
R 4 R3P
L 4 R3P + MP
L 3 R2 + MP
R 4 R3 + MP
R 1 R1
R 4 R3P
L 4 R3P + MP
L 4 R3P + MP
R 1 R1
!! _Ih!
!8+#+.&8(&#=(=*L"@%&M/+.(=&$&(
!!
!!"11,%5&>!)$2#,!_!0-%)&%:,57!!Z:##!5,'-4.$1*&0!$%5!0#&%&0$#!5$)$!/-.!$##!1$.)&0&1$%)(7!!8!m!'$#,;!Z!m!/,'$#,;!f!m!f#$09;!E!m!E*&),;!"!m!"(&$%;!P!m!P*&%,(,;!A8!m!A&$2,),(!',##&):(;!A:.!A8!m!A:.$)&-%!-/!5&$2,),(;!A:.!ANA!m!5:.$)&-%!-/!5&$2,)&0!,6,!5&(,$(,;!Dc@!m!D$)&-%$#!4.$5&%4!1.-)-0-#;!O!m!.,)&%-1$)*6;!8!m!'$0:#-1$)*6;!@!m!1*-)-0-$4:#$)&-%7!
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
ID Recruitment Sex Age Ethnicity DM Dur Dur 
date Type DM DED
97 !"#!$#$!%% F 56 W 1 30 12
98 !&#!$#$!%% M 53 B 1 37 3
99 %%#!$#$!%% F 52 A 2 5 4
100 %'#!$#$!%% F 64 W 2 4 1
ID
97
98
99
100
Better Severity NGP 
eye Group grade
R 4 R3P + MP
L 4 R3P
L 1 R1
R 4 R3P + M1
!! _eU!
O+'0&8(R0#.$+"#(=&$&(
((
("11,%5&>!)$2#,!T7!!Z:##!+&(:$#!/:%0)&-%!5$)$!/-.!$##!1$.)&0&1$%)(7!!N'1)6!0,##(!.,1.,(,%)!'&((&%4!5$)$7!!S"A!m!S$2&):$#!5&()$%0,!$0:&)6;!PA"!m!P-..,0),5!5&()$%0,!$0:&)6;!PPM!m!P-..,0),5!0-%).$()!(,%(&)&+&)6;!SD"!m!!S$2&):$#!%,$.!$0:&)6;!SKM!m!S$2&):$#!#$.4,!.,$5&%4!(1,,5;!SMM!m!S$2&):$#!('$##!.,$5&%4!(1,,5;!PO"!m!P-..,0),5!.,$5&%4!$0:&)6;!POM!m!P-..,0),5!1,$9!.,$5&%4!(1,,5;!P@M!m!P-..,0),5!0.&)&0$#!1.&%)!(&i,;!P?!m!P-%/:(&-%!?%5,>;!M?!m!M,#,0)&+&)6!?%5,>;!NNM!m!N(),.'$%!,//&0&,%06!(0-.,;!8M!m!8,$%!(,%(&)&+&)6;!8A!m!8,$%!5,/,0);!P8M!m!P,%).$#!',$%!(,%(&)&+&)6;!@8M!m!@$.$0,%).$#!',$%!(,%(&)&+&)6;!MM!m!M0-)-'$!(&i,;!Z?n!m!#-4!fPN"7!
(
(
ID HAD CDA CCS HNA HLS HSS CRA CRS CPS
1 0.02 -0.08 1.65 0.2 112 102 -0.04 161 0.3
2 0.04 -0.08 1.5 0.3 82 89 0.02 173 0.8
3 0.3 -0.08 1.55 0.4 137 104 0.15 200 0.4
4 0.2 0.02 1.55 0.3 222 153 0.03 257 0.6
5 0.12 0.02 1.35 0.4 75 56 0.13 113 0.5
6 0.02 0.02 1.55 0.3 187 155 0.04 244 0.6
7 0.36 0.3 1.2 0.2 172 170 0.31 229 0.6
8 0.2 0.02 1.45 0.3 207 199 0.04 312 0.5
9 0.2 -0.04 1.65 0.2 177 168 0 229 0.6
10 0.3 0.34 1.1 0.6 80 65 0.4 173 0.8
11 0.32 0.24 1.15 0.5 170 136 0.11 252 0.8
12 0.7 0.24 1.3 0.8 14 5 0.48 95 1.1
13 0.22 0.24 1.2 0.4 170 130 0.11 279 0.7
14 -0.1 -0.16 1.55 0 263 248 -0.45 433 0.2
15 0.04 -0.12 1.55 0.2 124 134 -0.13 200 0.7
16 -0.2 -0.26 1.4 0.1 225 249 -0.18 313 0.1
17 0.02 -0.02 1.55 0.3 140 129 -0.07 177 0.8
18 0.2 0.18 1.35 0.2 175 132 0.07 248 0.7
19 -0.08 -0.12 1.65 0.1 152 177 -0.11 229 0.2
20 0.16 0.1 1.3 0.4 78 77 0.12 134 0.7
21 0 -0.12 1.5 0 180 165 -0.06 218 0.6
22 0.06 -0.02 1.35 0.5 124 103 0.04 211 0.4
23 0.3 0.08 1.35 0.6 127 110 0.03 206 0.6
24 0.02 -0.02 1.45 0.3 138 122 -0.18 200 1.1
25 0.14 0.14 1.4 0.4 172 140 0.17 225 0.5
26 0.04 0 1.45 0.4 212 170 0.15 325 0.6
27 0.5 0.36 1.2 0.7 154 17 0.76 223 1.1
28 0.3 0.1 1.35 0.7 94 0 0.1 159 0.6
29 0 -0.08 1.5 0.3 172 162 0.12 269 0.4
30 0.4 0.26 1.1 0.6 138 76 0.52 134 0.8
31 0.12 -0.06 1.5 0.3 126 112 0.02 186 0.6
32 0.1 -0.02 1.6 0.4 190 172 0.01 223 0.6
33 0.72 0.64 0.95 0.7 63 0 0.72 113 1.4
34 0.48 0.44 1.15 0.3 211 168 0.5 289 1.1
35 0.24 0.2 1.1 0.5 105 19 0.3 217 0.7
36 0.04 -0.14 1.45 0.3 125 130 -0.04 232 0.3
37 0.34 0.18 1.15 0.5 170 203 0.08 269 0.4
38 1.2 0.82 0.8 1.1
39 0.28 0.24 1.05 0.3 189 147 0.47 289 1.1
40 0 -0.08 1.45 0.2 168 168 -0.07 312 0.3
41 0.4 -0.1 1.45 0.3 147 130 -0.14 223 0.4
42 0.06 -0.08 1.55 0.1 194 187 -0.09 252 0.1
43 0.12 0.14 1.6 0.3 157 122 0.1 213 1
44 0.24 0.14 1.35 0.3 190 134 0.08 260 0.6
45 0.7 0.48 0.75 1 0 0 0.57 90 1.2
46 0.2 0.04 1.35 0.4 77 78 -0.05 147 0.6
47 0.2 0.04 1.55 0.3 153 142 0.14 180 0.7
48 0.12 0 1.4 0.3 213 210 0.02 278 0.6
49 0.3 0.32 1.2 0.6 84 118 0.23 173 1
50 0.22 0.22 1.25 0.4 137 138 0.13 279 0.9
51 0.22 0.16 1.3 0.6 169 144 0.49 205 1
52 0.7 0.36 1 0.6 62 39 0.59 150 1.1
53 0.02 -0.06 1.5 0.3 220 190 0.08 277 0.6
!! _eH!
O+'0&8(R0#.$+"#(=&$&(
(
!"11,%5&>!)$2#,!T!0-%)&%:,57!!Z:##!+&(:$#!/:%0)&-%!5$)$!/-.!$##!1$.)&0&1$%)(7!!N'1)6!0,##(!.,1.,(,%)!'&((&%4!5$)$7!!S"A!m!S$2&):$#!5&()$%0,!$0:&)6;!PA"!m!P-..,0),5!5&()$%0,!$0:&)6;!PPM!m!P-..,0),5!0-%).$()!(,%(&)&+&)6;!SD"!m!!S$2&):$#!%,$.!$0:&)6;!SKM!m!S$2&):$#!#$.4,!.,$5&%4!(1,,5;!SMM!m!S$2&):$#!('$##!.,$5&%4!(1,,5;!PO"!m!P-..,0),5!.,$5&%4!$0:&)6;!POM!m!P-..,0),5!1,$9!.,$5&%4!(1,,5;!P@M!m!P-..,0),5!0.&)&0$#!1.&%)!(&i,;!P?!m!P-%/:(&-%!?%5,>;!M?!m!M,#,0)&+&)6!?%5,>;!NNM!m!N(),.'$%!,//&0&,%06!(0-.,;!8M!m!8,$%!(,%(&)&+&)6;!8A!m!8,$%!5,/,0);!P8M!m!P,%).$#!',$%!(,%(&)&+&)6;!@8M!m!@$.$0,%).$#!',$%!(,%(&)&+&)6;!MM!m!M0-)-'$!(&i,;!Z?n!m!#-4!fPN"7!
(
(
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
CI SI EES MS MD CMS PMS SS FIX
2.11 2.96 100 16.07 -3.4 15 16.4 16 3.07
1.7 1.2 100
1.13 1.61 100 18.76 -0.7 19.13 18.65 5 2.92
1.09 1.55 99 15.78 -3.3 15.93 15.73 22 3.96
1.97 1.57 100 13.37 -5.7 13.44 13.35 40 2.81
1.71 2.5 100 17.28 -2 17.81 17.12 13 4.31
3.07 2.67 59 10.84 -7.7 8.88 11.44 47 3.24
1.26 1.8 100 16.76 -2.5 17.19 16.63 20 3.33
3.19 1.27 98 18.07 -1.4 18.94 17.81 12 2.93
1.62 2.18 88
1.09 1.55 89 13.29 -5.6 14.81 12.83 46 3.52
3.24 3.23 94 10.53 -8.5 11.06 10.37 52 3.25
3.73 4.8 98 12.69 -6.8 11.13 13.17 56 2.95
1 1.42 100 18.73 -0.6 20 18.34 2 2.57
1.24 1.71 100 15.72 -3.5 16.63 15.44 25 2.26
1 1.42 100 2.68
1.64 1.71 99 2.61
1.52 2.16 99 14.4 -4.5 16.12 13.87 38 1.95
1.31 1.76 100 16.68 -2.7 18.13 16.23 17 2.81
3.32 2.01 94 7.38 -9.6 5.63 7.92 67 2.81
1.13 1.61 95 16.28 -3.3 16.31 16.27 34 2.85
3.41 1.19 100 16.06 -3.4 15.13 16.35 29 2.86
2.07 2.97 98 15.62 -3.7 15.25 15.73 29 2.92
1.46 2.02 99 16.15 -3.2 18.38 17 17 3.48
1.13 1.61 80 13.96 -4.2 15.94 13.35 39 2.64
2.89 2.33 82 16 -3.3 15.69 16.1 27 2.37
3.06 3.42 72 8.82 -9.5 9 8.77 52 3.67
1.72 2.43 98 15.43 -3.9 15.81 15.31 44 2.80
1.13 1.61 99 16.04 -3.1 17 15.75 25 2.71
2.37 1.98 90
1 1.42 100 14.12 -4.6 15.56 13.67 32 3.28
1.79 2.61 96 12.5 -6.8 12.44 12.52 40 2.68
3.14 3.24 81 3.60
2.72 3.33 98 11.88 -7.2 10.25 12.38 55 2.73
1.68 2.04 79 8.29 -9.7 7.38 8.58 51 2.85
1 1.42 100 19.85 0.5 20 19.81 0 2.33
2.88 3.81 100 2.20
2.89 2.1 71 8.69 -10.2 6.19 9.46 64 2.84
1.49 2.12 92 2.75
1 1.42 96 15.49 -4.2 15.5 15.48 25 2.50
1.83 1.88 100 19.21 -0.2 19.88 19 1 3.19
1 1.42 99 17.97 -1.2 18 17.96 7 3.32
1 1.42 91 16.29 -2.4 16.94 16.1 18 2.76
3 3.14 61 3.02
3.45 3.52 90 4.44 -12.6 3.44 4.75 57 2.90
2.32 2.25 100 13.46 -5.8 10.63 14.33 53 2.86
1 1.42 87 12.21 -6.1 15.25 11.27 34 3.07
1 1.42 97 13.01 -5.7 13.75 12.81 40 2.41
2.49 3.28 85
1.66 2.18 100 15.37 -4.4 14.56 15.62 45 3.40
3.04 2.53 100 13.84 -5.6 12.19 14.35 45 3.52
2.53 3.39 100
2.01 2.61 100 18.88 -0.5 19.38 18.73 2 2.78
!! _e\!
O+'0&8(R0#.$+"#(=&$&(
(
!"11,%5&>!)$2#,!T!0-%)&%:,57!!Z:##!+&(:$#!/:%0)&-%!5$)$!/-.!$##!1$.)&0&1$%)(7!!N'1)6!0,##(!.,1.,(,%)!'&((&%4!5$)$7!!S"A!m!S$2&):$#!5&()$%0,!$0:&)6;!PA"!m!P-..,0),5!5&()$%0,!$0:&)6;!PPM!m!P-..,0),5!0-%).$()!(,%(&)&+&)6;!SD"!m!!S$2&):$#!%,$.!$0:&)6;!SKM!m!S$2&):$#!#$.4,!.,$5&%4!(1,,5;!SMM!m!S$2&):$#!('$##!.,$5&%4!(1,,5;!PO"!m!P-..,0),5!.,$5&%4!$0:&)6;!POM!m!P-..,0),5!1,$9!.,$5&%4!(1,,5;!P@M!m!P-..,0),5!0.&)&0$#!1.&%)!(&i,;!P?!m!P-%/:(&-%!?%5,>;!M?!m!M,#,0)&+&)6!?%5,>;!NNM!m!N(),.'$%!,//&0&,%06!(0-.,;!8M!m!8,$%!(,%(&)&+&)6;!8A!m!8,$%!5,/,0);!P8M!m!P,%).$#!',$%!(,%(&)&+&)6;!@8M!m!@$.$0,%).$#!',$%!(,%(&)&+&)6;!MM!m!M0-)-'$!(&i,;!Z?n!m!#-4!fPN"7!
(
(
ID HAD CDA CCS HNA HLS HSS CRA CRS CPS
54 0.28 0.26 1.35 0.7 114 32 0.45 164 0.8
55 0.2 -0.06 1.6 0.3 165 133 -0.1 206 0.4
56 0.1 0.08 1.4 0.4 187 140 -0.01 229 0.4
57 0.1 0.06 1.4 0.4 126 93 0.05 173 0.8
58 -0.1 -0.2 1.65 0.1 154 145 -0.18 260 0.5
59 0.1 0.1 1.45 0.4 68 48 0.06 137 0.4
60 0.3 0.2 1.2 0.3 82 99 0.11 173 0.9
61 0.06 -0.04 1.45 0.1 196 191 -0.17 223 0.7
62 0 -0.08 1.5 0.3 146 135 -0.18 181 0.1
63 0.12 -0.06 1.4 0.4 172 102 0.01 236 0.4
64 0.04 -0.02 1.45 0.2 159 179 0.08 248 0.6
65 0.16 -0.04 1.35 0.3 209 182 -0.04 339 0.6
66 0.5 0.32 1.2 0.5 110 77 0.31 157 0.8
67 0.18 0.12 1.6 0.2 160 143 0 228 1
68 0.4 0.04 1.55 0.4
69 0.3 0.08 1.35 0.4 144 87 0.04 205 1.1
70 0.06 -0.06 1.55 0.3 128 122 -0.03 200 0.8
71 0.2 0.04 1.4 0.3 141 172 -0.02 252 0.6
72 0.1 0.04 1.4 0.4 173 138 0.01 232 0.4
73 0.4 0.3 1.2 0.7 92 66 0.3 177 0.9
74 0.06 0.04 1.35 0.4 100 91 0.1 190 0.8
75 0.24 0 1.55 0.4 111 105 -0.05 223 0.6
76 0.14 0.14 1.35 0.3 164 117 0.08 269 0.8
77 0.02 -0.1 1.6 0.2 204 207 -0.2 267 0.1
78 0.06 -0.1 1.6 0.3 145 144 0.04 248 0.4
79 0.1 -0.08 1.5 0.2 165 174 -0.08 200 0.2
80 0.08 -0.1 1.65 0.5 55 73 -0.09 128 0.4
81 0.2 -0.06 1.35 0.4 76 82 0.04 129 0.4
82 -0.2 -0.26 1.65 0 214 232 -0.3 260 0.4
83 -0.04 -0.08 1.6 0.1 203 215 -0.22 339 0.2
84 0.24 0.02 1.65 0.3 159 187 0.06 252 0.7
85 0.22 0.1 1.45 0.4 264 231 0.18 325 0.9
86 0.26 0.12 1.35 0 156 155 0.15 218 0.8
87 0.4 0.3 0.65 0.7 67 0 0.34 177 1.3
88 0.7 0.42 0.85 1.4 0 0 1.31 65 1.5
89 0.2 0.1 1.5 0.5 142 136 0.16 244 0.8
90 0.2 -0.04 1.45 0.1 238 230 -0.08 277 0.4
91 0.46 0.32 1.2 0.4 99 100 0.26 217 1
92 -0.04 -0.14 1.55 0.2 155 147 -0.14 180 0.3
93 0 -0.1 1.65 0.3 119 122 0.12 189 0.6
94 0.8 0.48 1 1.1 16 0 0.67 128 1.4
95 0.5 0.18 1.05 0.9 57 0 0.64 107 1.1
96 0.14 -0.06 1.45 0.3 130 99 0.06 166 0.6
97 -0.04 -0.04 1.55 0.3 190 193 -0.1 257 0.2
98 0.18 0.16 1.25 0.3 109 94 0.1 144 0.7
99 0.1 0.02 1.6 0.4
100 0.3 0.24 1.3 0.4 155 117 0.11 211 0.7
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CI SI EES MS MD CMS PMS SS FIX
2.89 3.22 100 15.32 -4 13.56 15.87 30 2.72
1.13 1.61 100 17.24 -2.1 16.88 17.35 8 2.98
2.59 3.59 100 12.63 -6.8 11.13 13.1 49 2.89
1 1.42 100 15.15 -4.2 14.88 15.23 40 3.21
1.21 1.67 100 17.31 -1.6 17.63 17.21 16 2.48
1.57 1.7 98 6.82 -12.6 6.38 6.96 68 2.99
2.33 2.54 96 3.02
1.13 1.61 100 16.37 -3.1 15.81 16.54 20 2.96
1 1.42 100 16.27 -3.1 16.44 14.65 24 2.69
1.13 1.61 95 15.26 -4 17.06 14.71 31 3.23
1.13 1.61 100 18.21 -1 19.25 17.88 5 2.94
3.41 3.24 17.59 -1.8 17.5 17.62 13 2.70
2.96 2.56 98
1 1.42 98 17.82 -1.6 18.75 17.54 12 2.81
1 1.42 100 17.43 -2.1 17.31 17.46 22 3.07
1.37 1.95 100 15.51 -4 15.25 15.6 30 3.34
2.12 2.26 97 17.1 -2 16.75 17.17 14 1.79
1.42 1.93 100 16.38 -2.4 17.34 16.08 24 2.01
3.23 2.66 97 18.06 -1.4 17.5 18.23 12 3.05
3.45 4.77 85 10.26 -8.9 10.06 10.33 57 3.23
1.18 1.67 95 16.59 -2.8 16.9 16.5 29 3.25
1.42 1.82 100 14.87 -4.5 14.56 14.96 34 2.42
1.33 1.83 100 15.51 -5.9 13.5 13.5 57 2.78
1 1.42 100 19.44 0.1 19.75 19.35 0 2.30
2.24 2.44 100 16.62 -2.7 18 16.19 20 3.75
1 1.42 99 17.69 -1.9 18.56 17.42 14 2.59
1.51 2.17 100 14.56 -4.9 16 14.12 47 2.37
3.09 3.46 90 8.11 -10.3 8 8.15 63 2.82
1 1.42 100 19.82 0.4 20 19.78 0 2.33
1.13 1.61 97 18.97 -0.2 19.31 18.87 2 2.64
1.38 1.87 87 17.64 -1.1 18.88 17.27 12 2.12
1.51 2.03 96 18.29 -1.3 19 18.08 11 2.89
1 1.42 100
3.08 2.47 91 3.08
2.54 1.18 38
3.39 4.03 96 17.91 -1.6 19.44 17.44 14 2.95
1.71 2.41 100 15.85 -3.1 17.44 15.37 24 2.81
2.52 2.1 91 11.14 -7.9 11.25 11.12 58 2.85
1.48 1.46 94 18.38 -0.8 19.63 18 5 2.95
1.71 2.5 100 19.18 -0.4 19.86 18.96 5 2.70
3 3.09 99 8.82 -10 8.94 8.79 65 4.12
3.68 3.68 3.63
1.48 1.81 95 19.26 -0.1 19.94 19.06 2 2.90
1.9 2.35 97 18.56 -0.4 19.75 18.19 6 2.51
2.11 1.69 91 16.9 -1.8 18.38 16.44 11 2.80
1.97 1.4 100 19.18 -0.4 19.81 18.98 2 3.33
1.79 2.61 100 12.03 -6.8 11 12.35 51 2.66
!! _eT!
O+'0&8(&1+8+$-(=&$&(
(
("11,%5&>!=$2#,!J7!!Z:##!+&(:$#!$2&#&)6!(0-.,!5$)$!$)!U;!_!$%5!I!'-%)*(!/-.!$##!1$.)&0&1$%)(7!!?%),.+,%)&-%!4.-:1!&(!$#(-!4&+,%7!"?!m!"0)&+&)6!?%+,%)-.67!
(
ID AI 0 AI 3 AI 6 Intervention
1 5.85 5.69 6.03 delayed
2 1.87 1.87 2.77 immediate
3 4.75 5.92 4.82 delayed
4 4.54 4.01 4.65 immediate
5 5.81 5.76 5.66 delayed
6 3.77 2.74 2.61 immediate
7 0.84 1.98 1.29 delayed
8 5.99 5.95 5.97 immediate
9 0.34 -0.19 -0.11 delayed
10 0.3 0.65 3.18 delayed
11 -0.59 -0.14 0.05 immediate
12 1.52 immediate
13 0.85 0.59 0.83 delayed
14 2.66 2.21 3.86 immediate
15 5.51 5.45 5.28 delayed
16 6.04 5.94 6.1 delayed
17 0.1 0.41 1.49 delayed
18 0.42 0.27 -0.47 immediate
19 5.77 3.31 5.73 delayed
20 0.99 1.3 0.83 immediate
21 1.22 1.66 1.88 delayed
22 -0.27 0.57 -0.32 delayed
23 0.88 1.35 1.56 immediate
24 2.55 2.8 3.28 immediate
25 1.26 1.64 2.23 immediate
26 3.13 2.68 4.15 immediate
27 1.84 2.79 1.88 delayed
28 5.7 5.54 5.66 immediate
29 3.7 2.56 2.9 delayed
30 2.6 0.75 0.22 immediate
31 5.68 3.79 4.6 delayed
32 0.45 3.65 1.33 immediate
33 -5.06 -2.49 -1.43 immediate
34 0.83 0.78 0.55 immediate
35 0.64 0.92 0.97 delayed
36 2.62 3.02 3.58 delayed
37 2.16 1.95 0.54 immediate
38 1.31 -0.1 0.48 delayed
39 0.38 0.65 0.55 delayed
40 5.87 5.8 5.92 immediate
41 5.62 3.16 4.07 immediate
42 5.62 5.83 5.62 delayed
43 5.89 4.57 4.61 immediate
44 0.56 0.62 1.99 delayed
45 -0.91 -0.54 -0.07 immediate
46 1.59 0.58 1.99 immediate
47 1.17 1 1.72 delayed
48 5.83 5.87 5.79 delayed
49 -0.54 0.33 0.61 immediate
50 1.67 2.56 3.82 delayed
51 1.24 0.96 0.5 immediate
52 0.36 -0.04 0.04 delayed
53 0.77 1.15 0.36 immediate
!! _eJ!
O+'0&8(&1+8+$-(=&$&(!
!"11,%5&>!)$2#,!J!0-%)&%:,57!!Z:##!+&(:$#!$2&#&)6!(0-.,!5$)$!$)!U;!_!$%5!I!'-%)*(!/-.!$##!1$.)&0&1$%)(7!!?%),.+,%)&-%!4.-:1!&(!$#(-!4&+,%7!"?!m!"0)&+&)6!?%+,%)-.67!
(
(
(
(
(
ID AI 0 AI 3 AI 6 Intervention
54 2.51 1.41 5.75 delayed
55 1.68 2.2 3.9 delayed
56 0.16 0.25 5.54 delayed
57 1.36 2.14 1.3 delayed
58 3.79 5.74 5.74 immediate
59 2.44 1.75 3.1 immediate
60 2.07 delayed
61 2.74 4.79 6.02 immediate
62 3.68 4.59 5.63 immediate
63 2.58 6.15 5.95 immediate
64 2.22 5.52 4.4 immediate
65 5.45 5.45 5.48 delayed
66 -0.84 delayed
67 2.65 3.95 2.14 delayed
68 2.09 1.46 1.92 immediate
69 1.17 1.6 1.15 delayed
70 1.54 5.66 3.66 immediate
71 5.46 5.47 5.42 delayed
72 0.58 delayed
73 -0.55 -1 -0.99 immediate
74 0.05 immediate
75 0.44 1.63 1.25 immediate
76 2.4 2.15 3.52 delayed
77 1.42 4.34 5.66 delayed
78 5.72 immediate
79 1.33 1.83 1.92 delayed
80 3.57 2.5 2.39 immediate
81 5.39 5.2 5.43 immediate
82 6 6 5.96 delayed
83 5.88 6.01 5.88 delayed
84 1.26 1.31 2.12 immediate
85 1.8 1.12 3.13 delayed
86 0.53 1.8 3.15 immediate
87 0.42 0.16 -0.09 delayed
88 -1.64 -1.97 -1.3 delayed
89 0.51 1.39 0.46 immediate
90 4.31 5.26 delayed
91 0.97 0.28 0.2 immediate
92 1.61 1.3 1.51 immediate
93 1.38 0.29 0.62 delayed
94 -0.66 immediate
95 1.07 -0.92 -0.62 immediate
96 1.29 2.31 1.63 delayed
97 5.48 5.61 5.73 immediate
98 2.37 4.68 4.61 delayed
99 2.79 2.68 3.68 delayed
100 0.51 1.06 1.09 delayed
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